, and Aaron Kaplan 2,4, * Desert biological soil crusts (BSC), among the harshest environments on Earth, are formed by the adhesion of soil particles to polysaccharides excreted mainly by fi lamentous cyanobacteria (see [1] and references therein). These species are the main primary producers in this habitat where they cope with various stressors including frequent hydration-dehydration cycles. Water is mainly provided as early-morning dew, followed by dehydration with rising temperatures and declining relative humidity. Earlier studies focused on community structure and cyanobacterial activities in various BSCs [1, 2] . They identifi ed genes present in dehydrationtolerant, but not -sensitive cyanobacteria [3] , and suggested that abiotic conditions during natural dehydration ( Figure 1A ) are critical for the recovery upon rewetting. Inability of Leptolyngbya ohadii, which is abundant in the BSC examined here, to recover after rapid desiccation ( Figure  1B ) [4] suggested that the cells must prepare themselves toward forthcoming dehydration, but the nature of the signal involved was unknown. We show here that the rising dawn illumination, perceived by photo-sensors, serves Correspondence as the signal inciting BSC-inhabiting cyanobacteria to prepare for forthcoming dehydration. L. ohadii fi laments were exposed to simulated natural conditions from the morning of October 14 th 2009, using our environmental chamber that enables accurate reproduction of BSC environment [4] (Supplemental Figure  S1A ). Samples were withdrawn at specifi c time points ( Figure 1A ), followed by RNA extraction and global transcript profi ling (accession PRJNA391854). Four hours of dehydration led to up-regulation of 567 genes and down-regulation of 1597 (by more than 2-fold). Since BSCinhabiting organisms have not been used as genetic models, the functions of 3258 (43.5% of the 7487 L. ohadii genes [3] ) are unknown. Nevertheless, a pronounced rise in transcript levels of genes involved in carbon metabolism, transport, osmolyte production, energy Current Biology 27, R1037-R1059, October 9, 2017 R1057 dissipation and other cellular activities was observed. On the other hand, a declining transcript abundance for genes involved in light harvesting, photosynthetic metabolism, protein biosynthesis, cell division and other pathways was detected. The analysis unraveled clear distinctions between early-and late-responding genes. Supplemental Table S1 lists the 40 strongest differentially expressed genes verifi ed by RT-qPCR and used in further analyses. A signifi cant effect on transcript abundance was detected already at the 1h time point, suggesting that earlyresponding genes (and physiological performance) are affected by the rising illumination preceding the decline in water content ( Figure 1A ). To test this possibility, we repeated the dehydration protocol without illumination. Darkness signifi cantly hampered the recovery after re-wetting ( Figure 1B) . It also blocked alterations in the transcript abundance of many genes strongly affected during natural dehydration ( Figure 1C-J) . Considering the very low illumination at dawn, and that L. ohadii fi laments are located beneath the surface [2] , earlymorning light likely serves as a signal rather than an energy source.
Phytochromes sense and respond to red/far-red (FR) light in various organisms from bacteria to plants [5] [6] [7] [8] [9] . Addition of FR light (spectrum shown in Figure S1B ) to the early-morning protocol ( Figure 1A ) completely blocked L. ohadii recovery after re-wetting, far more than darkness ( Figure 1B) . Removal of the FR light after 1h partly restored the extent of recovery, to the dark-treated level, suggesting that phytochromes are involved in both early-and late-responding processes. L. ohadii's genome contains four phytochrome-encoding genes, cph1-type, and all are transcribed. The transcript abundance (Table S1) is very high at time zero (92 nd percentile of RNA reads) but declined thereafter ( Figure 1H ). Directly downstream of this gene is another strongly upregulated early gene encoding the response regulator Rcp1 ( Figure 1I ). In Synechocystis Rcp1 interacts with Cph1.
Transcriptional profi ling of some of the genes depicted in Table S1 distinguished those completely blocked by FR light (such as glycosyl transferase and acylCoA dehydrogenase, early-and lateresponding genes, respectively) from those where FR reduced the response to dehydration (such as trehalose synthase, cph1 and others) and those blocked by darkness but unaffected by FR (such as the orange carotenoid protein, OCP). Interestingly, the glycosyl transferase and trehalose synthase types present in L. ohadii are among those specifi cally found in dehydration-tolerant but not in sensitive cyanobacteria [3] . In contrast, OCP, essential for energy dissipation [10] , is ubiquitous in cyanobacteria.
Use of a cut-off fi lter that removed the blue part of the incident light ( Figure  S1B ) inhibited revival after re-wetting, although less so than darkness or FR ( Figure 1B ). This treatment blocked the expression of OCP and acyl-CoA dehydrogenase. In contrast, cmpD, involved in bicarbonate uptake and hence in dissipation of excess light energy, was upregulated, possibly compensating for the decline in OCP. Altogether, the selected examples among dark-inhibited genes ( Figure 1C -J) cover the various possibilitiesgenes affected only by red/FR, or by cryptochrome, or by both.
Our data show that BSC-inhabiting cyanobacteria must prepare themselves towards forthcoming dehydration, and that rising dawn illumination perceived by photo-sensors is critical for this process. The next challenges are to clarify how the twin responses to blue and red/FR light are orchestrated, and to identify the network of transcription factors and responding genes (particularly, but not solely, those exclusively present in cyanobacteria able to recover from dehydration [3] ) that prepare the cells for desiccation. The experimental protocol used could have synchronized the circadian clock. However, it is not known whether a circadian rhythm is involved in the preparations towards dehydration. Further, since the cyanobacterial fi laments are essentially desiccated most of the day, we doubt the circadian clock plays an important role in the BSC.
The evolutionary origins of phytochrome and cryptochrome function in dehydration tolerance is also intriguing. We raise the possibility that the original genes were recruited from anoxygenic photosynthetic bacteria in ancient stromatolites, but in the absence of essential genomic information it is not possible to comprehensively investigate their phylogeny.
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